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Arrhythmias After the Mustard Operation for Transposition of the 
Great Arteries: A Long-Term Study 
CONSTANCE}, HAYES, MD, FACC, WELTON M. GERSONY, MD, FACC 
New York, New York 
This study presents follow-up data on 95 patients with 
transposition of the great arteries who underwent a Mus•
tard intraatrial baffle operation. The patients were fol•
lowed up serially by means of scalar electrocardiograms 
and 24 hour Holter monitoring studies. The latter study 
was effective in documenting abnormal rhythm patterns 
when the standard electrocardiogram was within normal 
limits. Twenty percent of the patients had atrial ar•
rhythmias at the time of hospital discharge. New rhythm 
disturbances were recognized during each year of follow•
up; 75% of the patients had atrial rhythm disorders by 
the sixth year. 
Slow junctional rhythm was the most common rhythm 
disturbance found. Complete heart block did not occur. 
Supraventricular tachycardia occurred within the con•
text of the tachycardia/bradycardia syndrome in 8 of 10 
patients, and in all it was documented after hospital 
The Mustard intraatrial baffle operation has become an es•
tablished surgical method to correct the abnormal circulation 
in patients with transposition of the great arteries. Postop•
erative arrhythmias, most often atrial rhythm disturbances 
consistent with sick sinus syndrome, have been reported but 
occurrence rates have varied (1-5). A great deal of infor•
mation has become available regarding the incidence of 
rhythm disturbances during the immediate postoperative pe•
riod and the first 1 to 2 years after surgery. However, long•
term detailed follow-up studies using both standard electro•
cardiogram and 24 hour electrocardiographic monitoring 
have not usually been systematically carried out (6,7). This 
report describes 95 infants and children with transposition 
of the great arteries who have been periodically evaluated 
for cardiac rhythm disturbances over the past 13 years. 
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discharge. The incidence of sudden death in this series 
was 3%. Six of the patients have had pacemaker inser•
tions and there have been no deaths among these 
individuals. 
It was observed that the slow atrial or junctional 
rhythms that appeared after intraatrial correction of 
transposition of the great arteries rarely progressed to 
life-threatening rhythm disorders in childhood or ado•
lescence, but the prognosis in adult life remains un•
known. The three deaths in the series occurred in pa•
tients with a history of supraventricular tachyarrhythmias. 
Elimination of arrhythmias caused by extensive intra•
atrial surgery is one of the potential advantages of the 
arterial switch operation for correction of transposition 
of the great arteries. 
(J Am Coli CardioI1986;7:133-7) 
Methods 
Patients. Between 1965 and 1978, 95 patients success•
fully underwent the Mustard operation for transposition of 
the great arteries. In 19 patients an additional ventricular 
septal defect was closed. In 5 of the 19 it was closed through 
the tricuspid valve and in 1 through the pulmonary artery; 
a right ventriculotomy was utilized in 13 patients. There 
were 66 male and 39 female patients in the series and the 
age at operation ranged from 1 month to 11 years (median 
age 21 months). Twenty-seven patients were younger than 
1 year of age. The duration of the follow-up period was 3 
months to 13 years. Preoperatively, all had normal sinus 
rhythm. Ninety-four patients had undergone a balloon atrial 
septostomy in early infancy and 32 of these also had under•
gone a Blalock-Hanlon procedure. 
Electrocardiographic follow-up. Follow-up consisted 
of scalar electrocardiograms carried out in the early post•
operative period and serially thereafter in all patients. In 
addition, serial 24 hour Holter monitoring studies were ob•
tained in 52 patients. In these individuals, the results of the 
scalar electrocardiogram and 24 hour tracings were com•
pared. The incidence of arrhythmias was analyzed with re-
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spect to age at the time of surgery, year of operation, baffle 20 
material, previous Blalock-Hanlon procedure and operative 
technique. 
Results 
Occurrence of arrhythmias. At the time of discharge 
from the hospital, 76 (80%) of the 95 patients had normal 
sinus rhythm and 19 (20%) had electrocardiographic evi•
dence of significant arrhythmias (Table 1). Five were lost 
to follow-up in the early postoperative period; 90 patients 
were followed up for 6 months to 13 years. Of these, 52 
patients, in addition to the previously mentioned 19 patients, 
developed rhythm disorders in the follow-up period, re•
sulting in a total of 71 (79%) of 90 patients who thus far 
have had arrhythmias after the Mustard operation. After 
discharge, arrhythmias occurred in 3 to 10 patients each 
year over the ensuing 9 years (Fig. 1). Three years after 
surgery, 45 patients had had arrhythmias. Only 13 patients 
followed up beyond 7 years postoperatively have consist•
ently had normal sinus rhythm for more than 7 years (Fig. 
2). 
Types of arrhythmias. The predominant arrhythmia en•
countered was the sick sinus syndrome, which is defined as 
sinus bradycardia with sinus arrest and junctional escape 
rhythms that are usually slow. However, supraventricular 
tachycardia also may occur as an escape rhythm (8). Junc•
tional rhythm with slow heart rates accounted for 44% of 
the total disturbances (Tap Ie 2). Nonsinus supraventricular 
rhythms, such as low atrial rhythm and a combination of 
atrial and junctional rhythms, were also commonly noted. 
Tachycardia/bradycardia rhythms were documented in eight 
patients late in their postoperative course; one of these had 
atrial flutter. Supraventricular tachycardia occurred in two 
patients and there were no cases of atrial fibrillation. Second 
degree atrioventricular (A V) block was seen in one patient 
in the early postoperative period. There were no patients in 
the series with complete heart block. The tachycar•
dia/bn~dycardia syndrome was not observed before hospital 
discharge. With this exception, there were few differences 
in the types of rhythm disturbances among the early and 
late arrhythmias (Table 2). 
Outpatient ambulatory monitoring and standard electro-
Table 1. Incidence of Rhythm Disturbances in 95 Patients After 
the Mustard Operation 
No. of Patients 
Total With With No 
No. With NSR Arrhythmia Follow-Up 
Hospital discharge 95 76 19 (20%) 
Follow-up period 90 19 71* (79%) 5 
(6 mo to I3 yr) 
*Six patients have a pacemaker and three died suddenly. NSR 
normal sinus rhythm. 
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Figure 1. Number of patients per year who have developed sig•
nificant cardiac arrhythmias after the Mustard operation for trans•
position of the great arteries (71 patients). Disch. = discharge 
from hospital. 
cardiograms were performed in 52 patients within the same 
24 hour period (Table 3). Twenty-eight patients had normal 
sinus rhythm on routine electroc¥diogram and 24 had ar•
rhythmias. The tracings obtained on ambulatory monitoring, 
however, showed that only 17 had normal sinus rhythm, 
while 35 had significant arrhythmias. These most often con•
sisted of slow junctional rhythms during sleep or intermittent 
sinus arrest with junctional escape, or both. Thus, II pa•
tients with a normal scalar electrocardiogram had a rhythm 
abnormality discovered during 24 hour monitoring per•
formed on the same day. 
Influence of other factors. Various clinical factors were 
evaluated to determine their possible role in the cause of 
rhythm disturbances after the Mustard operation. An earlier 
Blalock-Hanlon procedure did not influence the incidence 
of late arrhythmias. Neither the year of operation nor the 
age of the patients at the time of the Mustard procedure 
influenced the cardiac rhythm. The baffle material (whether 
Dacron or pericardium) and the operative technique (deep 
hypothermia with circulatory arrest versus cardiopulmonary 
bypass) also were not significant factors. Nineteen patients 
had a ventricular septal defect closed at the time of the 
Mustard operation. The route of closure was either through 
a ventriculotomy (13 patients) or through the tricuspid or 
pulmonary valve (1 patient each). The incidence of late 
arrhythmias in this group was similar to that of the total 
group of patients. 
Six patients have had a pacemaker implantation. Four 
had junctional rhythms with rates as slow as 30 beats/min. 
One patient demonstrated both severe sinus and A V node 
disease and one child had symptomatic bradycardia when a 
tachyarrhythmia required pharmacologic treatment. All of 
these patients are alive and well. 
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Figure 2. Cumulative percent (%) of the 95 pa•
tients continuing to have normal sinus rhythm (NSR) 
after the Mustard operation carried out between 
1965 and 1978. Hosp Dischg. =: hospital dis•
charge; Pre-op =: before operation. 
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Three patients in this series who appeared clinically well 
died suddenly 1112 to 2 years after surgery. All had mani•
fested supraventricular tachycardia before death. One child 
died with a supraventricular tachyarrhythmia during general 
anesthesia for a dental procedure. In the other two patients 
there was no immediate explanation for the sudden death. 
Discussion 
Intraatrial baffle repair for transposition of the great ar•
teries was introduced by Mustard and his associates in 1964 
(9). In general, this type of intraatrial correction has resulted 
in satisfactory hemodynamic results, but has also been as•
sociated with a number of complications, including a sig•
nificant incidence of cardiac arrhythmias (1-5). The most 
frequently encountered has been the sick sinus syndrome. 
Protection of the sinus node. Abnormalities of sinus 
node function or propagation of atrial depolarization to the 
junctional area, or both, might be expected in a surgical 
Table 2. Arrhythmias After the Mustard Procedure in 
95 Patients 
Rhythm 
Junctional 
Aberrant atrial 
Atnal and junctional 
Bradycardia/tachycardia 
syndrome 
Supraventricular tachycardia 
Second degree atrioventricular 
block 
Total 
Arrhythmias at 
Hospital DI,charge 
9 (47%) 
4 (21%) 
4 (21%) 
- ( 0%) 
I ( 5o/c) 
I ( 5%) 
19 
Arrhythmia, Dunng 
Follow-up Period 
23 (44%) 
11(21%) 
9 (17%) 
8 (l5'7c) 
1(2%) 
o ( OOk) 
52 
Dischg. 
(95) (74) (69) (63) (53) (45) (3S) (26) (IS) (13) (8) 
Years of Follow Up 
( ) number of patients at risk for succeeding interval 
procedure that results in incisions and suturing in the region 
of the sinus node and its arterial blood supply. In addition, 
the atrial septum is excised during surgery, leading to un•
avoidable interruption of atrial internodal physiologic path•
ways. Attempts have been made to protect the sinus node 
and its arterial supply by cannulation of the superior vena 
cava through the right atrial appendage, and incising the 
right atrial wall anterior to the sulcus terminalis (7.8,10,11), 
Modification of the intraatrial incision of the coronary sinus 
has been used to prevent the interruption of A V conduction 
(12). At most medical centers AV block has not been a 
common complication of the Mustard operation, and was 
not encountered in this series of patients. 
Incidence of arrhythmias. The reported incidence 
(1.4,13,14) of supraventricular rhythm disturbances at the 
time of hospital discharge after the Mustard operation has 
ranged from 4 to 62%; a predischarge incidence of 20% as 
noted on scalar electrocardiograms is described in our series. 
Some authors (1.4,11) have noted a decrease in arrhythmias 
Table 3. Comparative Ambulatory Monitoring and Scalar 
Electrocardiographic Studies in 52 Patients 
Arrhythmia 
24 Hour ambulatory 
mOnItonng* 
Arrhythmia 24 
No arrhythmia 0 
Total 24 
ElectrocardIOgram 
No 
Arrhythmia 
11 
17 
28 
Total 
35 
17 
*Twenty-four hour Holter ambulatory electrocardiographic study ear•
ned out immediately after the ,calar electrocardiogram. 
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as techniques for perfonning the Mustard operation have 
improved, but few published reports have included system•
atic long-tenn follow-up. Vllal et al. (11) observed only 3 
of 102 patients with arrhythmias soon after the Mustard 
procedure, but they also stated that among 58 patients the 
incidence of arrhythmia was 15.5% between 2 weeks and 
4 years later. The median time when these tests were per•
fonned was not stated. 
The number of arrhythmias at this institution has re•
mained constant over the years despite modifications in op•
erative technique, a likely reflection of a probable intrinsic 
anatomic basis for rhythm disturbance after intraatrial re•
pair. Flinn et al. (6,7) in a retrospective study indicated a 
similar pattern of progressive atrial arrhythmias after the 
Mustard operation, but their somewhat lower incidence of 
late rhythm disturbances may be a reflection of the lack of 
24 hour electrocardiographic studies as well as differences 
in follow-up data from a multicenter experience. To accu•
rately detennine the incidence of late arrhythmias, serial 
electrocardiograms and 24 hour monitoring are required. 
This approach will reveal significant arrhythmias that may 
be missed by the "occasional" electrocardiogram. 
Late onset arrhythmias. This study documents an in•
creasing incidence of late onset atrial rhythm disturbances 
each year after the original operation: the cumulative percent 
of the patients with arrhythmia reaching 75% by the sixth 
year of follow-up. These clinical results might be predicted 
from electrophysiologic studies (15,16) that indicate that 
virtually all patients who underwent the Mustard operation 
have significant electrophysiologic abnonnalities related to 
sinoatrial block or abnonnalities of atrial refractoriness. Our 
present data also suggest that aside from the Mustard op•
eration itself, there appear to be no specific risk factors 
related to the eventual development of an arrhythmia in these 
children (for example, age at operation, time of operation, 
type of patch, previous Blalock-Hanlon procedure). 
Junctional rhythm with bradycardia is by far the most 
important manifestation of sinus node injury after the Mus•
tard operation. Tachyarrhythmias are usually seen within 
the context of the tachycardialbradycardia syndrome. In most 
instances bradycardia is well tolerated. Although pulse rates 
during sleep may fall into the range of 30 to 40/min, this 
manifestation is almost never associated with symptoms. 
Heart rates during the day are higher. 
In our study there has been a 3.3% incidence rate of 
sudden death. Despite the large number of patients who had 
rhythm disturbances, this rate is identical to that reported 
by investigators who observed fewer arrhythmias after mod•
ification of the Mustard operation. Pacemaker insertion was 
considered to be necessary among survivors of the Mustard 
procedure in six cases and there were no late deaths. Our 
criteria for pacemaker insertion include the following: 1) 
heart rate less than 30 beats/min, 2) Stokes-Adams episodes, 
3) need for pharmacologic management of tachyarrhythmia 
using agents other than digitalis, and 4) poor ventricular 
function with bradycardia, especially with documented ven•
tricular ectopic activity. 
Alternatives to the Mustard procedure. The question 
whether the Mustard operation should be abandoned in favor 
of another procedure is influenced in part by the high long•
tenn incidence of rhythm disturbances after this procedure. 
Although some reports (17,18) have indicated fewer ar•
rhythmias in the early postoperative period after the Senning 
operation, there appears to be little theoretical advantage to 
this approach from the standpoint of prevention of rhythm 
disorders. Furthennore, there have been no follow-up stud•
ies similar to ours that have documented the long-tenn low 
incidence of rhythm disturbances. In our experience, the 
Rastelli interventricular correction utilizing a conduit repair 
and interventricular patch for the repair of transposition of 
the great arteries with ventricular septal defect and pul•
monary stenosis has not been associated with an increased 
incidence of postoperative rhythm abnonnalities (19). How•
ever, this procedure is feasible for only a limited number 
of patients with transposition of the great arteries. 
Elimination of rhythm disorders by avoiding extensive 
intraatrial surgery is one of the potential advantages of the 
Jatene operation to switch the great arteries (20,21). This 
has become the procedure of choice at many institutions for 
transposition of the great arteries with ventricular septal 
defect, because intraatrial repair and ventricular septal de•
fect closure with or without previous banding have been 
associated with a high mortality rate. However, long-tenn 
survival and quality of life generally have been excellent 
after intraatrial repair of transposition of the great arteries 
with intact ventricular septum. There remain a number of 
concerns about the arterial switch operation in this group 
of patients (for example, adequate left ventricular mass in 
the neonate, operative mortality, the fate of the transplanted 
coronary arteries and aortic valve insufficiency). Thus, the 
arterial switch procedure for transposition of the great ar•
teries with intact ventricular septum is being perfonned reg•
ularly at only a few medical centers. However, early mor•
tality/morbidity and follow-up data from these institutions 
have been encouraging (22,23). 
The reproducibility and safety of intraatrial repair of 
transposition of the great arteries with intact ventricular 
septum have been advantages that have not been outweighed 
by the high incidence of late atrial arrhythmias after surgery. 
Despite the relatively benign consequences of the usual slow 
junctional rhythms encountered in this group of patients, 
the long-tenn outlook in adult life is not known. Of greater 
concern is the small group of patients who have episodes 
of prolonged tachyarrhythmias, since this manifestation may 
be more likely to be a precursor of sudden death. Thus, as 
the safety and efficacy of the arterial switch procedure be•
comes established, the elimination of the sick sinus syn•
drome must be considered to be one of the advantages of 
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this alternative approach for the correction of transposition 
of the great arteries. 
We acknowledge the statistical assistance of Mark Davies. MD. 
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